We hypothesized that the quality of the assessment of abnormal laboratory data in the emergency department (ED) could affect the hospital-attending physicians' decision-making after a patient's hospitalization. To test this hypothesis, we investigated how patients with a positive D-dimer result were reported by ED physicians in electronic medical records, and measured whether lower extremity venous ultrasonography examination was undertaken during hospitalization by the hospital-attending physicians.
INTRODUCTION

C
OMPUTERIZED DOCUMENTATION IS the direct entry of a physicians' notes into the electronic medical record (EMR) through the intrahospital network, and offers improved legibility and real-time accessibility.
1 Such integrated EMR systems can ensure that a physician's documentation is easier to browse than a traditional paper record; thereby, providing reference for the next examination. 2 The EMR system also offers time-saving functions for potentially cumbersome and time-consuming tasks such as the copy and paste function. Several studies have researched this copy and paste function. In fact, the copy and paste function has been considered a serious problem with the use of EMRs. [3] [4] [5] However, none investigated the influence of the quality of documentation within EMRs in a cohort setting, even retrospectively. We hypothesized that the quality of the documentations of abnormal laboratory data in the emergency department (ED) could affect the hospital-attending physicians' decision-making after hospitalization. To test this hypothesis, we investigated how patients with a positive D-dimer result were reported by emergency physicians in the EMRs. Then we examined whether that affected the decisions of attending physicians to order lower extremity venous ultrasonography examination (venous US) during hospitalization.
METHODS
Selection criteria
T HE STUDY WAS undertaken at the ED of Seirei Hamamatsu General Hospital (Hamamatsu, Japan) using EMRs between January 2012 and December 2013. The hospital is an urban tertiary acute care general hospital with 744 beds, and annually, approximately 20,000 patients visit.
We included adult patients (over 18 years old) admitted from the ED after obtaining a positive D-dimer result (Ddimer ≥1.0 lg/mL). We excluded patients who had already been diagnosed with deep vein thrombosis (DVT), pulmonary embolism, aortic dissection, or cardiopulmonary arrest in the ED. The study was carried out in accordance with the Declaration of Helsinki, and the protocol was approved by the Institutional Review Board of Seirei Hamamatsu General Hospital.
Data extraction of patient demographics
The following demographic data were collected: age, sex, primary disease, D-dimer values, and death during hospitalization. We created the datasets by reviewing the EMRs of patients. This data was double-checked by two of the authors. Primary disease was classified into four categories: cancer bearing, 6 infection, 7 trauma, 8 and others. These primary diseases were considered to affect the ED assessment because each is associated with positive D-dimer results. [6] [7] [8] Death during hospitalization was considered to indicate a severe disorder and was treated as a confounder for both variables and outcomes.
In our area, five institutions are responsible for emergency duty on a rotating schedule. Therefore, we also collected information about admission at emergency duty days because these tend to be busy and may affect the assessments of emergency physicians. We did not collect the history of oral contraception use because its rate is very low in Japan. 9 Data extraction of exposure group/nonexposed group
We classified the quality of documentation of positive Ddimer results in the EMRs by emergency physicians into the following three groups: (i) ND group, no description or assessment of the positive D-dimer result; (ii) CAP group, copied and pasted D-dimer results (i.e., described only); (iii) LDD group, a listed differential diagnosis was provided for the positive D-dimer.
In the differential diagnosis for the positive D-dimer, we defined D-dimer-related diseases as DVT or pulmonary embolism, 6 ,10 aortic dissection, 11 disseminated intravascular coagulopathy, 12 and others. Documentation data were collected in a sentence, and two authors, D.T. and Y.H., discussed and classified them into three groups.
Outcome measures
To evaluate whether the information was effectively transmitted from the emergency physicians to the hospital-attending physicians through the EMRs, we determined whether venous US was carried out during the hospitalization. Venous US is the gold standard for the diagnosis of DVT, requiring welltrained staff. 10 All venous US were undertaken during the hospitalization in our institution because there were no suitably trained staff in the ED. As covariates, we selected age, sex, primary disease, D-dimer values, and death during the hospitalization to adjust outcomes in this model.
Moreover, we observed when venous US was carried out during the hospitalization. Because long-term admission may be related to DVT, we also measured the period (in days) from admission to when venous US was performed.
Venous US and D-dimer evaluation D-dimer was measured with a full-automatic blood coagulation measuring device Sysmex CA-1500 (Sysmex, Kobe, Japan) using the recommended reagent. The cut-off value for a positive D-dimer on this system was ≥1.0 lg/mL.
We defined all lower extremity venous thrombosis diagnosed by venous US as the onset of all DVT from the proximal to the distal calf. We chose this definition because calf DVT was also associated with a significant risk of subsequent post-thrombotic syndrome. 13 The venous USs were carried out by six laboratory technicians only during the daytime. We used LOGIQ ultrasound systems with 9-MHz linear probes (GE Healthcare Japan, Tokyo, Japan). The clinical laboratory physician (O.Y.) controlled the quality of all examinations.
Electronic medical record system and hospitalization
We used the MegaOakHR R5.0 (NEC, Tokyo, Japan) EMR system. The same EMR system is used in both the ED and during hospitalization. Therefore, hospital-attending physicians can easily refer to medical records input by ED physicians.
Our hospital has been certified as an international standard hospital by the Joint Commission International since 2012. One of the certification requirements of the Joint Commission International is for completed documentation in the clinical records within the first 24 h of hospital admission. Therefore, the hospital-attending physicians in the hospital should review the EMR assessments by emergency physicians within 24 h. The emergency physicians were always different from the hospital physicians because continuous work after ED duty was generally prohibited at our institution.
Statistical analysis
We undertook statistical analyses using SAS version 9.3 (SAS Institute, Cary, NC, USA). Logistic regression analyses with corresponding odds ratios (OR) and 95% confidence interval (95% CI) were applied to adjust the covariates.
We undertook a pilot study with approximately 100 patients to facilitate the sample-size calculation. We calculated the number of cases required identifying this 7.3% difference using the v 2 -test with a and b error levels of 0.05 and 0.2, respectively. The ratio of the exposure to the non-exposed group was 0.20; therefore, approximately 80% of cases were in the exposure group, and 1,178 cases were required to calculate the predicted difference.
14 Consequently, we set the research period to 2 years, as this allowed for seasonal variability in disease prevalence. 15 
RESULTS
Patient demographics
D -DIMER EXAMINATIONS WERE carried out in 3,874 patients during the study period in the ED of the hospital (Fig. 1 ). Of these, 1,667 were treated in the ED and released, and 2,207 were hospitalized. A further 483 had negative D-dimer results (<1.0 lg/mL). Thus, 1,724 patients were enrolled in the study. We excluded 16 patients diagnosed in the ED (2 with pulmonary embolism and 14 with aortic dissection), leaving 1,710 patients for the final analysis set (Table 1) . These patients were classified based on the quality of assessment, as follows: ND group (1,268 cases, 74.15%), CAP group (332 cases, 19.42%), and LDD group (110 cases, 6.43%). Among the 1,710 patients, 305 patients (17.8%) underwent venous US during their hospitalization. The length of time from admission to venous US was not significantly different between the three groups (Tukey-Kramer method, P = 0.71).
Factors influencing documentation for positive D-dimer assessment in the ED
First, the multivariate logistic analyses were carried out to examine the association of exposure (value of D-dimer) with the outcome (CAP or LDD documentation) by adjusting for age, sex, death on hospitalization, and primary disease ( ¶ Measured from the day of admission to the day at which venous ultrasound (US) carried out. No difference in these periods was evident between the three groups (two-sided Tukey-Kramer method, P = 0.71). CAP group, D-dimer results copied and pasted (i.e., described only); DVT, deep venous thrombosis; LDD group, a listed differential diagnosis was provided for the positive D-dimer; ND group, no description or assessment of the positive D-dimer result; venous US, lower extremity venous ultrasonography examination during the patients' hospitalization. 
Factors that influenced venous US requests during hospitalization
To test our hypothesis, we compered the number of patients who underwent venous US among the ND, CAP, and LDD groups with the same D-dimer level ( Table 3) . As the Ddimer level increased, of course, venous US was carried out more often.
To address which factors had stronger effects for the outcome, we used the multivariate logistic analyses to examine the association of exposure (quality of the EMR documentation) with the outcome, adjusting for age, sex, value of D-dimer, death on hospitalization, and primary disease ( The multivariate analysis was performed using logistic regression analysis. *Two-sided P-values <0.05. CAP group, described only D-dimer values (copied and pasted from laboratory data); LDD group, listed differential diagnosis for positive Ddimer; DIC, disseminated intravascular coagulopathy; DVT, deep venous thrombosis; ND group, no description at all for positive D-dimer; Ref., reference; venous US, lower extremity venous US examination.
weaker compared to the high quality of the documentation (Table 4) .
Factors influencing positive DVT findings
Finally, we reviewed the factors related to a final diagnosis of DVT. The 306 cases in whom venous USs were carried out summarize the results of multivariate logistic regression analysis, showing that the quality of documentation was key with an OR of 3.03 (P < 0.01) for the CAP group and 4.06 (P < 0.01) for the LDD group (listing suspected DVT or pulmonary embolism). However, the D-dimer value was not identified as a significant factor with ORs of 1.24 (95% CI, 0.48-3.22) and 2.31 (95% CI, 0.91-5.91) for D-dimers of 3.0-10.0 and >10.0, respectively (Table 5 ).
DISCUSSION
O UR RESULTS SUGGEST that high-quality documentation by emergency physicians that describes the differential diagnosis for positive D-dimer results on the EMR should have a greater influence than poor documentation that only describes the D-dimer value (i.e., copy and paste from laboratory examinations) or that fail to provide any information. The precise description of the patients' conditions using the EMR might improve the quality of medical care.
D-dimer has high sensitivity and low specificity for DVT. 16 Once a positive D-dimer is identified in the ED, an ED physician should assess the reason for this increase, such as DVT, pulmonary embolism, or aortic dissection, and form a differential diagnosis. If this information can be effectively transmitted from emergency physicians to attending physicians through the EMR, venous US may be more readily undertaken by attending physicians.
Theoretically, the D-dimer should be used only to exclude acute venous thrombosis, pulmonary embolism, 16 aortic dissection, 11 or other diseases. 12 Therefore, in this study, all cases were equally considered "rule-in" cases that were further evaluated for the "likelihood" of D-dimer-related diseases, including DVT. However, the actual D-dimer value influenced the likelihood of performing a venous US during hospitalization (Table 3) . Before ordering a D-dimer examination, emergency physicians should consider the patients' risk. 17 Certain limitations of this study should be considered. First, its retrospective nature and the involvement of a single institution are important considerations. However, our exposure group setting included those without Ddimer assessments; therefore, randomized control trials may not be suitable for ethical reasons, whereas information bias could be an obstacle in prospective observational studies.
An important consideration is that the attending physicians in the hospital may request a venous US based on the results of their own physical examination of patients, rather than relying on the information within the EMRs. However, in our system, the EMRs facilitate easy access to the ED records through electronic tags attached to the emergency physicians' documentation. Therefore, all of the hospitalattending physicians would refer to the patients' EMRs written by emergency physicians. Our hospital survey reveals that 96.0% of the attending physicians referred to the documentation of emergency physicians before attending to the patient. Another confounding factor may be the length of hospital stay. According to the Wells score, 18 patients bedridden for 3 days or more are considered at risk of DVT. However, although we measured the length of time from admission to the venous US (Table 1) , we could not differentiate between the three groups (Tukey-Kramer method, P = 0.71).
This study provided the meaningful implications on the importance of the assessment at the ED. Indeed, EMRs support systems have been shown, in certain settings and for certain problems, to be associated with improved quality of care. 19 In future studies, we should investigate how to better describe patients' records on EMRs.
CONCLUSION
B
ETTER DOCUMENTATION BY emergency physicians regarding patients with positive D-dimer results strongly affected the decisions made by the hospital-attending physicians to order venous US, which was carried out even if the assessment only included copied and pasted information.
